Two shortest route models for determining where to allocate inspection effort on a production line are developed for the cases where this effort is unlimited or limited in its availability. A production line is defined as an ordered sequence of production stages, each stage consisting of a manufacturing operation followed by a potential inspection station. Items flow through the line in batches and may incur defects at any stage. Defects are assumed to be repairable or non-repairable. The defect generating process at any stage is taken to be an independent Bernoulli process with a known parameter. Two levels of inspection effort may be applied at any stage: no inspection or 100% inspection. Thus, both models are used to determine the stages at which batches are to be 100% inspected. A general cost structure is postulated which includes fixed and variable costs of inspection, a cost of repair, a cost of disposal, a cost of processing, and a cost of an undetected defect. The first three of these costs may depend on the most recent as well as the present inspection point. An expected cost per batch criterion is used to determine an optimal inspection plan. Examples are included.
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Introduction
In this paper we develop a general deterministic model for the allocation of inspection effort on a production line. The model has the analytical form of a shortest route model; thus several very fast algorithms are available for generating computational results, [2] , [3] , In addition, we show how the basic model may be extended to the case where the amount of available inspection effort is limited.
We define a production line as an ordered sequence of L production stages, each stage consisting of a manufacturing operation followed by a po- Figure 1 . The produce being manufactured is assumed to enter stage 1 of the production line in batches of size B>1. As the items within a batch move through the manufacturing operations they may incur defects. A defect created in any item at stage n will be called a type n defect. The defect generating process at the n*^stage is viewed as an independent Bernoulli process with a known parameter b , the probability of producing a defect of type n.
The models to be developed allow for repairable and non-repairable defects.
We let R(n) denote the subset of defects within the set {l,2,.,.,n} that are repairable at stage n. We also define R(n) = {1,2, ...,n} -R(n)
i.e., R(n) is the subset of defects within {l,2,...,n} that are not repairable at stage n.
If all defects 1,2,.,.,L are repairable, we assume that the net flow through each production stage is B items; in other words, we assume the existence of a repair facility that can supply non-defective items to replace any defectives found during the inspection of a batch at any stage. On the other hand, if some defects are taken to be non-repairable, then any items found to have such defects are scrapped, possibly with some salvage value.
Items found to have only repairable defects are again assumed to be replaced with non-defective items supplied from a repair facility. Thus, for the situations where some defects are repairable and others are not, a batch that In certain cases it may be convenient to think of the first manufacturing stage as the agf^regation of all operations that come before the start of the production line, and of the first potential inspection station as an incoming inspection point. The models presented in this paper include these extremes as special cases.
Consider now a class K of multistage inspection plans of the form (k, ,k_, . . , ,kj ) , where k =0,1,...,B is the number of items to be inspected in each batch passing through inspection station n and B is the batch size.
Lindsay and Bishop [4] and White [6] have shown for the cases of no repairable defects and all repairable defects, respectively, and for a fairly simple cost structure, that an optimal plan -one that minimizes the expected cost per processed batch -within the class K has the form k =0 or B .i.e., at n n»
• any inspection point arriving batches are either passed without inspection or they are inspected 100%.
In this paper we only consider inspection plans of the "all or nothing" form. The class of such plans will be denoted by K .
The question as to whether K" contains an optimal plan within K for our models is not investigated.
In what follows, we shall show that the problem of finding an optimal plan . ft within K for a rather general cost structure may be formulated as a shortest route problem.
We shall also show that a shortest route model may be formulated for the case where at most T<L values of k may be greater than zero.
I.e., at most a limited number T of the inspection stations may be active. To differentiate between these two models we shall refer to the unconstrained which satisfy the constraint on the number of active inspection stations.
Our point of departure in this paper is the work of Pruzan and Jackson [5] and of White [6] . Model I is viewed as a direct generalization of this previous work.
With Model I we can now treat the more realistic situation where some defects are repairable and others are not, as well as the two extremes previously dealt with. In addition, the shortest route formulation allows for computational efficiencies over the dynamic programming formulations in [5] and [6] , As far as we know, Model II has not been previously considered.
2.
Formulation of Model I
In this section we formulate the problem of where to make 100% inspections The relation of N(L) to the unconstrained production-inspection prob- Given the above interpretation of travelling through N(L) it remains to specify length of any arc. In our models the length of an arc will be measured in terms of the expected cost to traverse it. Once these costs are specified it will be shown that the Model I allocation of inspection effort problem is equivalent to the problem of finding the shortest (least expected cost) route from node to node L+1 in N(L).
The arc costs, denoted by c(m,n), (m,n)cN(L), are defined in terms of The cost of an undetected defect: cu = the cost of allowing a finished unit with a type n n defect to leave the production line undetected, n=l.
In the cases of cf. , cv" , and cdQj^» n=l,2,...,L, the corresponding defini- Find f(L+l) where,
The set of recurrence relations (3.1) can be solved directly to yield an optimal plan. However, for large networks, i.e., long production lines, it may pay to use an algorithm especially developed to exploit the particular structure of the shortest route model. Two of the fastest such algorithms are due to Dantzig [3] and Berge and Ghouila-Houri [2] . Berge Figure 3 , (Again the numbers on the arcs are relevant to an example in section 5 .)
The interpretation of travelling from node to node in N(T,L) is similar to that given in section 2 for N(L). The following correspondences are 
